We use the construction of India's Golden Quadrangle (GQ) central highway network, together with comprehensive loan data drawn from the Reserve Bank of India, to investigate the interaction between infrastructure development and …nancial sector depth. We identify a disproportionate increase in loan count and average loan size in districts along the GQ highway network using stringent speci…cations with industry and district …xed e¤ects. Our results hold in straight-line IV frameworks and are not present in 'placebo tests'with another highway that was planned to be upgraded at the same time as GQ but subsequently delayed. Importantly, however, results are concentrated in districts with stronger initial …nancial development, suggesting that while …nancing does respond to large infrastructure investments and help spur real economic outcomes, initial …nancial sector development might play an important role in determining where real activity will grow.
Introduction
In recent years, there has been widespread acceptance of the view that …nance plays a fundamental role in shaping the rate, direction and location of real economic activity (Levine, 1997) . Financial development has also been shown to be a key driver of economic growth through its role in impacting entrepreneurship and …rm dynamics ( While this role of …nance is well-established, a key policy question still remains: can one spur growth and development in areas with low …nancial development through other means such as infrastructure spending, or is …nance a necessary condition for growth to occur? From both a theoretical and policy standpoint, this question is important for several reasons. First, infrastructure spending is increasingly seen as a key policy lever for governments to drive economic growth. Rapidly expanding countries like India and China face severe constraints on their transportation infrastructure, which has been described by academics and business leaders as a critical hurdle for further development. Even in advanced economies, continued urbanization, demographic trends, and climate change call for an acceleration of investment in infrastructure. However, there is a very limited understanding of the economic impact of those projects and their interaction with the …nancial sector. 1 Second, the degree to which …nancial development is necessary for economic growth has important implications for models of development and policy. If infrastructure spending can overcome the limitations of weak …nancial development, this is an important insight for policy makers and nation builders as they can proceed with such projects in con…-dence that the complements of …nancial markets will work themselves out. Infrastructure investment can then also help with convergence of regions with less developed …nancial markets towards regions at the frontier. On the other hand, if a baseline level of …nancial development is necessary for growth, then the e¤ects of such spending will be uneven.
Moreover, a lack of attention to prior …nancial development could lead to a divergence 1 Although existing literature emphasizes the importance of access to …nance on …rm-level investment it does not intersect with studies on investments in infrastructure (e.g., Chandra and Thompson, 2000; Duranton and Turner, 2011; Banerjee et al., 2012) . between regions that are above a threshold level of …nancial development compared to those that are not.
A key empirical challenge in addressing this questions is that large-scale infrastructure investment is typically endogenous, making it extremely di¢ cult to causally identify whether a strong …nancial market needs to be in place …rst or whether …nancial development appropriately mirrors and develops alongside major investment e¤orts. We study this question using India's Golden Quadrilateral (GQ) highways investment as natural experiment, examining the spatial development of banking at the district level before and after. The GQ network connects the four major cities of Delhi, Mumbai, Chennai, and Kolkata and is the …fth-longest highway in the world. Conceived in 1999, the GQ up- Several studies have subsequently documented the importance of the GQ upgrades for Indian manufacturing development along the highway system but have not focused on the role of …nance. 2 This project connects the GQ work to the …nancial sector and makes two main contributions: First, we use comprehensive and detailed data on bank lending across India over an extended period of time, drawn from the Reserve Bank of
India. This database gives us detailed information on each outstanding loan above a small threshold, reported annually by every branch of every scheduled commercial bank in India. We have invested substantially over this project in accessing and preparing these data. They constitute a major new tool for the economic and …nancial development and growth literatures. Second, the context of the GQ infrastructure project allows us to generate strong causal results of the relationship between infrastructure investment and local …nancial development, using straight line IV analyses and comparing results to the planned, but not completed NS-EW corridor. To understand the interaction between infrastructure and …nance, we examine how the results vary based on the pre-existing …nancial development of districts adjacent to the highway. This allows us to speak directly 2 Using a very short time window, Datta (2011) …nds almost immediate evidence of improved inventory e¢ ciency and input sourcing for businesses situated along the GQ network. Ghani et al. (2016 Ghani et al. ( , 2017 demonstrate greater formal sector manufacturing growth and entrepreneurship in districts located within ten kilometers from the GQ network compared to those farther away. They further highlight urban-rural di¤erences, changes in allocative e¢ ciency, and causal assessments. In total organized manufacturing output increased by 15%-20% due to the highway system. Khanna (2014) examines changes in nighttime luminosity around the GQ upgrades, …nding evidence for a spreading-out of economic development.
to the question of whether …nancial development was necessary for the real e¤ects to be manifested.
We …nd a strong response in lending activity in districts adjacent to the GQ highway network, manifested in terms of both loan counts and larger loan sizes. Our results are strongest in districts where there was new construction (as opposed to upgrades) and dynamic speci…cations support the e¤ect taking hold shortly after construction. Moreover, our results hold in straight-line IV frameworks and are also not present in 'placebo tests' with a second highway that was planned to be upgraded at the same time as GQ but subsequently delayed. Our results point to bank lending responding to the increase in real activity that arose from improved transportation infrastructure. Importantly, however, we …nd our results are entirely concentrated in regions with strong initial …nancial development. Lending activity did not increase and in some speci…cations is seen to fall slightly in regions with initially low …nancial development, suggesting that while …nance responded to help support increased real activity, the level of …nancial development played a critical role in determining where real economic activity grew. These results suggest that the initial level of …nancial development might be critical in shaping how (and where) infrastructure investment can jumpstart real economic activity.
Our study is the …rst to connect micro-level …nancial development with plausibly exogenous infrastructure development. This is not possible for the United States, where most research has traditionally focused, due to the older nature of the Eisenhower highway system. The later timing of the Indian investment and better collection of …nancial data over recent decades provide unprecedented platforms. Moreover, prior work mostly identi…es how the existence of transportation networks impacts activity, but we can quantify the impact from investments into improving road networks compared to placebo networks that are not enhanced. This provides powerful empirical identi…cation, and the comparisons are informative for the economic impact of road upgrade investments, which are very large and growing. This project also contributes to important questions facing India as it seeks to build 3 and related contractual problems. Some have also observed that India's construction sector was not fully prepared for a project of this scope. One government report in 2011 estimated the GQ upgrades to be within the original budget.
The NS-EW network, with an aggregate span of 7,300 km, is also shown in Figure 1 .
This network connects Srinagar in the north to Kanyakumari in the south, and Silchar in the east to Porbandar in the west. Upgrades equivalent to 13% of the NS-EW network were initially planned to begin in Phase I alongside the GQ upgrades, with the remainder scheduled to be completed by 2007. However, work on the NS-EW corridor was pushed into Phase II and later, due to issues with land acquisition, zoning permits, and similar. In a companion paper, Ghani et al. (2017) also consider the unorganized sector and …nd a very limited response to the GQ upgrades. There is modest evidence for the replication of some results related to heightened entry rates and industry sorting, but the implied size of these e¤ects is much smaller and rarely statistically signi…cant. This is perhaps due to the greater incentive for larger plants that trade at a distance in the formal sector to pick their location more selectively. Another potential root cause, which we begin to explore in this paper, is di¤erences in the initial level of …nancial development.
Data
Our platform combines …nancial loan data from RBI with evidence on GQ implementation.
Financial Banking Data
The essential ingredient for this project is a micro dataset that we built based upon the While the micro-data can only be accessed at the RBI by their sta¤, we were allowed to aggregate these data for external use. Our aggregations are at the level of the district
x industry x year. Districts are administrative subdivisions of Indian states or union territories that provide more-granular distances from the various highway networks. We prepare our platform to resemble those used in prior studies on India's manufacturing sector to facilitate comparability. 10 Accordingly, the core sample contains 311 districts that account for over 90% of manufacturing activity in India. The excluded districts from the full set of 630 districts make very limited contributions to organized manufacturing.
Industry categories are 2-digit NIC for manufacturing and 1-digit for all other industry groups. We have invested substantial time to cleaning and validating the data and ensuring consistency across years. We explicitly designed our aggregations to avoid any kinks due to de…nitional changes across years. Our data span 1992 to 2013, with our analyses concentrated on the decade from 1999 to 2009 around the GQ reform.
GQ and NS-EW Mapping
We measure the spatial distance of Indian districts to the GQ or NS-EW highway system using o¢ cial highway maps and ArcMap GIS software. We calculate distances using shortest straight-line metrics measured from the edge of each district. These results are robust to instead measuring distances from district centroids. The Empirical Appendix of Ghani et al. (2016) provides additional details on data sources and preparation, with the most attention given to how GQ traits are developed using project-level records and then paired to district-level conditions.
Empirical speci…cations use a non-parametric approach with respect to distance to estimate treatment e¤ects. We de…ne indicator variables for the shortest distance of a district to the indicated highway network (GQ, NS-EW) being within a speci…ed range.
Most speci…cations use four distance bands: nodal districts, districts located 0-10 km from a highway, districts located 10-50 km from a highway, and districts over 50 km from a highway. Of our 311 districts, 9 districts are nodal for GQ, 69 districts fall within 0-10 km of GQ, 37 districts fall within 10-50 km, and 196 districts are 50 km or more from GQ.
Our focus is on the non-nodal districts of a highway. We measure and report e¤ects for nodal districts, but the interpretation of these results is di¢ cult as the highway projects are intended to improve the connectivity of the nodal districts. For the GQ network, we follow Datta (2011) in de…ning the nodal districts as Delhi, Mumbai, Chennai, and
Kolkata. In addition, Datta (2011) describes several contiguous suburbs (Gurgaon, Faridabad, Ghaziabad, and NOIDA for Delhi; Thane for Mumbai) as being on the GQ network as 'a matter of design rather than fortuitousness.'We include these suburbs in the nodal districts. As discussed later when constructing our instrument variables, there is ambiguity evident in Figure 1 about whether Bangalore should also be considered a nodal city.
The base analysis follows Datta (2011) and does not include Bangalore, but we return to this question. For the NS-EW network, we de…ne Delhi, Chandigarh, NOIDA, Gurgaon, Faridabad, Ghaziabad, Hyderabad, and Bangalore to be the nodal districts using similar criteria to those applied to the GQ network.
Empirical Analysis of Highways' Impact on Loan Activity 4.1 Econometric Methodology
Long-di¤erenced estimations compare district x industry loan activity in 1999, just prior to the start of the GQ upgrades, with loan activity in 2009. About 98% of the GQ upgrades were completed by the end of this time period. Indexing districts with d and industries with i, the speci…cation takes the form:
The set D contains three distance bands with respect to the GQ network: a nodal district, 0-10 km from the GQ network, and 10-50 km from the GQ network. The excluded category includes districts more than 50 km from the GQ network. The j coe¢ cients measure by distance band the average change in outcome Y d;i over the 1999-2009 period compared to the reference category.
We consider two outcome variables Y d;i expressed in logs: log loan counts and log average loan size. District x industry cells are only included if they have measured loan activity in both periods. All estimations control for industry …xed e¤ects i , which is equivalent to including industry-x-year …xed e¤ects in a panel regression. We thus control in our estimations for any industry-wide changes in loan activity, due for example to a growth or decline in sector activity or …nancial dependency. Regressions further control for the baseline level of …nancial development of each district to ‡exibly capture issues related to economic convergence across districts.
Estimations include 12,225 observations and are weighted by the log population of the district recorded in the 2001 population census, the year prior to the implementation of GQ. We cluster standard errors by district. We winsorize outcome variables at the 1%/99% level to guard against outliers. Table 1 reports the core results with speci…cation (1). The dependent variable for Columns 1 and 2 is the change in log loan counts for a district-industry over the 10-year period;
Baseline Estimations
the dependent variable in Columns 3 and 4 is the change in log average loan size.
Regressions in Columns 2 and 4 further add state …xed e¤ects, which is equivalent to including state-x-year …xed e¤ects in a panel regression. This is a much more aggressive empirical approach than the baseline estimation as the augmented regression only considers variation within states (and thus we need to have districts located on the GQ network and those farther away together in individual states). By validating our results with the restricted variation, we can show that state policies, business cycles, and so forth are not responsible for the measured outcomes attributed to the highway development.
Throughout the tables ahead, we …nd that our results are very stable to the inclusion or exclusion of the controls.
The …rst row shows enormous increases in loan counts and average loan size for nodal districts after the GQ development project. The higher standard errors of these estimates, compared to the rows beneath them, re ‡ect the fact that there are only nine nodal dis-
tricts. Yet, these changes in …nancing activity are so substantial in size that one can still reject statistically that the e¤ect is zero. We do not emphasize these results much given that the upgrades were built with the explicit goal of improving the connectivity of the nodal cities. Because speci…cation (1) measures the j coe¢ cients for each band relative to districts more than 50 km from the GQ network, the inclusion or exclusion of the nodal districts does not impact results regarding non-nodal districts.
Our primary emphasis is on the second row, where we consider non-nodal districts that are 0-10 km from the GQ network. To some degree, the upgrades of the GQ network can be taken as exogenous for these districts. Both loan counts and average loan size also increase in this distant bands. The coe¢ cients suggest a 20% or so increase in aggregate loan counts for districts within 10 km of the GQ network in 2009 compared to 1999, relative to districts more than 50 km from the GQ system. The increase in average loan size is 15%-18% greater for districts near the GQ system as well. …nds a very weak response for unorganized/informal manufacturing activity along the GQ network to the upgrades, the measured response in aggregate loan activity appears, perhaps intuitively, to sit in between the two prior studies. Table 2 presents results about the di¤erences in the types of GQ work undertaken. Prior to the GQ project, there existed some infrastructure linking these cities. In a minority of cases, the GQ project built highways where none existed before. In other cases, however, a basic highway existed that could be upgraded. Of the 70 districts lying near the GQ network, new highway stretches comprised some or all of the construction for 33 districts, while 37 districts experienced purely upgrade work. (One of these districts is excluded from our present analysis due to lack of loan activity in both periods.) We split the 0-10 km interaction variable for these two types of interventions.
Comparison of New Construction vs. Upgrades
Almost all of the measured …nance response is in the new construction segments of the GQ project. As this result continues to hold after augmenting speci…cation (1) to include state …xed e¤ects, we can further conclude that the expansion in activity happens at a local level around new construction sites in addition to a regional one.
Comparing these …ndings to Ghani et al. 
Comparison of GQ Upgrades to NS-EW Highway
The stability of the results in Table 1 is encouraging, especially to the degree to which they suggest that proximity to the GQ network is not re ‡ecting other traits of states that could have in ‡uenced their economic development. There remains some concern, however, that we may not observe all of the factors that policy makers would have known or used when choosing to upgrade the GQ network and designing the speci…c layout of the highway system. For example, policy makers might have known about the latent growth potential of local areas and attempted to aid that potential through highway development.
We examine this feature by comparing districts proximate to the GQ network to districts proximate to the NS-EW highway network that was not upgraded. The idea behind this comparison is that districts that are at some distance from the GQ network may not be a good control group if they have patterns of evolution that do not mirror what districts immediately on the GQ system would have experienced had the GQ upgrades not occurred. This comparison to the NS-EW corridor provides a stronger foundation in this regard, especially as its upgrades were planned to start close to those of the GQ network before being delayed. The identi…cation assumption is that unobserved conditions such as regional growth potential along the GQ network were similar to those for the NS-EW system (conditional on covariates).
The upgrades scheduled for the NS-EW project were to start contemporaneous to and after the GQ project. To ensure that we are comparing apples to apples, we identi…ed the segments of the NS-EW project that were to begin with the GQ upgrades and those that Our analysis focuses on those scheduled for Phase I. Table 3 augments speci…cation (1) to include three additional indicator variables regarding proximity to the NS-EW system. Indicator variables are not mutually exclusive, in that some districts can lie within 50 km of both networks. In these estimations, the distance band coe¢ cients are measured relative to districts more than 50 km from both networks.
The …rst three rows start by showing little quantitative change in our measured impact from GQ upgrades in the set of expanded regressions. The fourth row shows that nodal districts on NS-EW also experience some measure of loan growth, although these results are not precisely measured in the presence of state …xed e¤ects. This con…rms our earlier hesitation to infer too much from the coe¢ cients for the nodal GQ districts. While the NS-EW upgrades did not occur, its nodal districts still show half or more of the response evident for the nodes of the GQ network.
By contrast, the estimates in the last two rows are very comforting for our primary results. None of the long-di¤erenced loan outcomes evident for districts in close proximity to the GQ network are evident for districts in close proximity to the NS-EW network, even if these latter districts were scheduled for a contemporaneous upgrade. The placebo-like coe¢ cients along the NS-EW highway are small and never statistically signi…cant. The lack of precision is not due to too few districts along the NS-EW system, as the district counts are comparable to the distance bands along the GQ network and the standard errors are of very similar magnitude. Said di¤erently, with the precision that we estimate the positive responses along the GQ network, we estimate a lack of change along the NS-EW corridor.
Straight-Line Instrumental Variables Estimations
Continuing with potential identi…cation challenges, a related worry is that perhaps the GQ planners were better able to shape the layout of the network to touch upon India's growing regions (and maybe the NS-EW planners were not as good at this, had less discretion, or had a smaller set of good choices). More broadly, Duranton and Turner (2011) highlight endogenous placement could bias …ndings in either direction. Infrastructure investments may be made to encourage development of regions with high growth potential, which would upwardly bias measurements of economic e¤ects that do not control for this underlying potential. However, there are many cases where infrastructure investments are made to try to turn around and preserve struggling regions. They may also be directed through the political process towards non-optimal locations (i.e., 'bridges to nowhere').
These latter scenarios would downward bias results. Table 4 addresses these questions using IV techniques. Rather than use the actual layout of the GQ network, we instrument for being 0-10 km from the GQ network with being 0-10 km from a (mostly) straight line between the nodal districts of the GQ network.
The identifying assumption in this IV approach is that endogenous placement choices in terms of weaving the highway towards promising districts (or struggling districts) can be overcome by focusing on what the layout would have been if the network was established based upon minimal distances only. This approach relies on the positions of the nodal cities not being established as a consequence of the transportation network, as the network may have then been developed due to the intervening districts. This is a reverse causality concern, and an intuitive example is the development of cities at low-cost points near to mineral reserves that are accessed by railroad lines. Similar to the straight-line IV used in or thousands of years ago, making this concern less worrisome in our context.
11
The exclusion restriction embedded in the straight-line IV is that proximity to the minimum-distance line only a¤ects districts in 1999-2009 period due to the likelihood of the district being on the GQ network and experiencing the highway upgrade. This restriction could be violated if the regions along these straight lines possessed characteristics or policies that are otherwise connected to …nancial growth during this period. To guard against these concerns, we focus on IV speci…cations with state …xed e¤ects. We will thus only exploit variation within states in the likelihood that a district would have been on the GQ network. We also continue to control for initial …nancial development in the district.
Panel B of Figure 1 shows the implementation. IV Route 1 is the simplest approach, connecting the four nodal districts outlined in the original Datta (2011) study. We allow one kink in the segment between Chennai and Kolkata to keep the straight line on dry land. IV Route 1 overlaps with the GQ layout and is distinct in places. We earlier mentioned the question of Bangalore's treatment, which is not listed as a nodal city in the Datta (2011) work. Yet, as IV Route 2 shows, thinking of Bangalore as a nodal city is visually compelling. We thus test two versions of the IV speci…cation, with and without the second kink for Bangalore.
Panel A of Table 4 provides a baseline OLS estimation. For these IV estimations, we exclude nodal districts (sample now contains 302 districts) and measure all e¤ects relative to districts more than 10 km from the GQ network. This approach only requires us to instrument for a single variable-being within 10 km of the GQ network.
The …rst-stage relationships are quite strong. IV Route 1, which does not connect Bangalore directly, has a …rst-stage elasticity of 0.43 (0.05) and an associated F-statistic of 74.5. IV Route 2, which treats Bangalore as a connection point, has a …rst-stage elasticity of 0.54 (0.05) and an associated F-statistic of 138.1.
Panel B presents the second-stage results. The IV speci…cations generally con…rm the 11 Banerjee et al. (2012) provide an early application and discussion of the straight-line IV approach, and Khanna (2014) o¤ers a recent application to India. Faber (2014) provides an important extension to this methodology. Faber (2014) uses data on local land characteristics and their impact on construction costs to de…ne a minimum-cost way of connecting 54 key cities that were to be linked by the development of China's highway network.
OLS …ndings. Column 1 shows a modest growth in the estimated impact of proximity to the GQ network on loan counts for non-nodal districts. Column 2 …nds a similar point estimate for growth in average loan sizes, but the larger standard errors result in these estimates not being statistically signi…cant. In all cases, we do not statistically reject the null hypothesis that the OLS and IV results are the same.
On the whole, we …nd general con…rmation of the OLS …ndings with these IV estimates, which help with particular concerns about the endogenous weaving of the network towards certain districts with promising potential. The IV estimates may be signalling some placement of the GQ network towards regions that could not bene…t as much in the development of loan activity. An alternative is that the local average treatment e¤ect of straight-line IVs can emphasize the experience of non-nodal districts close to the nodal points of the straight-line segments, and the loan response there may have been higher in districts more proximate to the big cities at the end of the GQ system. Table 5 Table 6 uses a split sample to quantify how our results di¤er across the initial …nancial development of a district. While we have controlled for this development in all prior regressions, we have yet to analyze heterogeneity in these initial conditions. We split districts that are located 0-10 km from the GQ network into two equal-sized group for being above or below the median …nancial development of this set of districts. By introducing separate indicator variables, we can contrast their responses. Financial development is measured by the loan credit disbursed by the district in 2000.
Dynamic Estimations

Level of Initial Financial Development
The powerful result that emerges from this analysis is that all of the growth in loan activity is concentrated in districts along GQ that held above average initial …nancial development. Districts with below average seed conditions show no expansion, and their average loan sizes might even decrease somewhat. Table 7 shows that these results hold in dynamic speci…cations as well.
These results have important implications. A prominent question that this GQ episode sheds light on is whether …nancial development must precede large infrastructure projects for the investments to impact the real economy. In many ways, this project quanti…es how responsive the …nancial sector can be. Loan activity and support increased quickly along the GQ network, providing …nancing within the …rst year of work and expanding rapidly over the …ve years when the upgrades mostly occurred. Moreover, many of our measurements closely align with settings where …nancing is thought to be more vital (e.g., new constructions, new …rm entry). The NS-EW placebo and straight-line IV analyses further con…rm the special response.
Yet, these …nal results suggest caution towards an expansive perspective of "build it and they will come." We see no di¤erential expansion for districts that lacked initial …nancial development, even over a ten-year period. The growth in loan activity is thus much more prominent on the intensive margin among places with existing …nancial infrastructure, with the extensive margin of …nancing in new districts being much more subdued.
Conclusions
We have investigated the empirical linkage between a large-scale transportation infrastructure project and the development of the local …nancial sector in India. The GQ setting is a very powerful laboratory as the massive highway upgrades came after India began collecting high-quality data on loan activity, so we can quantify relationships in ways that are impossible for advanced economies where infrastructure work began long ago. These results are also very informative for policy makers evaluating infrastructure investments in other developing or emerging economy settings. Our work emphasizes the responsiveness of the …nancial sector to catalyze local economic activity, but with the twist that the initial banking sector needs to be su¢ ciently developed. is the log change in loan credit for a district-industry over the 10-year period; the dependent variable in Columns 3 and 4 is the log change in average loan size. The table reports changes in these values for three sets of districts (i) Nodal districts that the GQ highway network connects; (ii) Non-nodal districts that are 0-10 kilometers from the GQ highway network; and (iii) Non-nodal districts that are 10-50 kilometers from the GQ network. These coefficients are measured relative to districts more than 50 kilometers from the GQ network. Regressions include controls for baseline level of financial development and industry fixed effects, which is equivalent to including industry-x-year fixed effects in a panel regression. Regressions in Columns 2 and 4 include both state and industry fixed effects, which is equivalent to including state-x-year and industry-x-year fixed effects in a panel regression. Standard errors are clustered by district and reported below coefficients; +, ++, and +++ refer to statistical significance at the 10%, 5%, and 1% levels, respectively. 
